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In  conducting  the  research  reported  here,  the  investigator  adhered 
to  "Principles  of  Laboratory  Animal  Care"  as  established  by  the  National 
Society  for  Medical  Research. 


ABSTRACT 


White  Carneau  pigeons  were  found  to  be  susceptible  to  respiratory 
infection  by  Venezuelan  equine  encephalitis  virus.  With  doses  as  low 
as  3  74  mouse  intracerebral  LD50  units  inhaled,  seven  of  eight  birds 
exhibited  viremias  that  approached  106  MICLDjq  units  per  ml  of  blood. 
Viremias  generally  persisted  through  the  third  day  after  exposure. 

Birds  were  not  obviously  ill  and  showed  serologic  evidence  of  immunizing 
infections . 


I  ■  INTRODUCTION' 


It  has  been  found  that  certain  arboviruses  may  be  transmitted  among 
avian  hosts  by  modes  other  than  mosquite  bite.  Holden*  demonstrated 
contact  transmission  of  eastern  equina  encephalitis  (EEE)  virus  among 
£fenned  pheasants.  He  postulated  that  infections  resulted  from  ingestion 
of  infected  materials  or  by  inhalation  of  infective  droplets.  Chamberlain 
et  al.3  observed  contact  infections  among  chicks  with  5, he  viruses  of 
western  equine  encephalitis  (WEE)  and  EEE.  He  concluded  that  infected 
droppings  were  a  source  of  virus.  3ourke3  postulated  that  ingestion  of 
infective  oral  secretions  accounted  for  the  infections  he  observed  with 
WEE  virus  in  chicks,  these  studies  strongly  suggest  that -inf ections 
occur  without  insect  vectors,  but  the  portala  of  entry  are  not  certain. 
There  is  a  need  for  a  quantitative  3tudy  of  respiratory  infectlvity  of 
arboviruses  for  birds.  It  is  the  purpose  of  this  report  to  present 
the  results  of  such  experiments  with  White  Carneau  pigeons  exposed  to 
controlled  aerosols  of  Venezuelan  equine  encephalitis  (VEE)  virus.  It 
is  believed  that  definitive  data  on  respiratory  infectlvity  will  be  of 
interpretive  value  in  epidemiologic  studies. 


1 1 .  MATERIALS  AND  METHODS 


A.  VIRUS 

Tbs  Trinidad'  strain  of  VEE  virus  was  passed  13  times  through  chick 
embryos  following  isolation  from  donkey  brain.  The  final  select  egg 
embryo  harvest  was  clarified  by  centrifugation  and  treated  with  1000 
uriits/ml  penicillin,  100  ugm/ml  dihydrostreptonsycin,  and  200  |ugm/nl 
Achromycin,  The  same  virus  product  was  employed  for  all  bird  tests  and 
for  serum  neutralization  studies. 


3.  BIRD  SPECIES 

White  Csmeau  pigeons4  were  obtained  from  Palmetto  Pigacm  Plant, 
Sumter,  South  Carolina,  At  the  time  of  receipt  the  birds  were  about 
6  weeks  old  and  had  a  mean  weight  of  494  grams.  Birds  were  held  in 
isolation  for  1  to  3  weeks  before  testing  began.  Throughout  holding 
the  birds  were  fed  mixed  grain  and  water  freely. 
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C,  v  I  RE  MIA  AN  D  VIRUS  NEUTRALIZATION  ASSAYS 

Viremias  in  birds  were  determined  by  mouse  inoculation.  One-tenth 
milliliter  of  blood  was  taken  from  the  alar  vein  and  diluted  in  9.9  ml 
of  phosphate  buffered  saline  (PBS)  solution  containing  100  units  per  col 
of  penicillin  and  100  p.gm  per  ml  of  streptomycin.  Eight  Swiss-Webgtar 
strain  nice  (8  to  12  grama)  were  inoculated  by  the  intracerebral  route 
with  0.03  ml  from  each  appropriate  dilution.  Mouse  deaths  occurring 
over  the  period  of  24  through  240  hours  after  injection  were  ascribed 
to  VHS  virus  infection.  Titers  were  computed  by  probit  analysis. =  Virus 
neutralization  tests  with  bird  sera  were  also  conducted  by  mouse  assays, 
using  equal  volumes  of  serum  (diluted  1:10  in  PBS  and  inactivated)  and 
virus  with  the  latter  diluted  serially  in  tenfold  increments,  Following 
incubation  of  mixtures  at  37  C  for  1  hour  and  at  4  C  for  2  hours ^  0.23 
milliliter  was  injected  by  the  intraperitoneal  route.  Control  virus 
titrations  were  conducted  similarly  except  for  the  use  of  normal  chicken 
serum.  Neutralization  results  are  reported  as  the  difference  between 
titers  with  normal  chicken  sera  and  titers  with  pigeon  sera.  Pigeon 
sera  were /vxrvested  for  neutralisation  tests  before  testing  began  and 
^again  threeUweeks  after  birds  were,  exposed  to  viral  aerosols. 


D.  AEROSOL  METHODS 

The  aerosol  chamber,  agent  disseminating  device,  samplers,  and  animal 
exposure  and  holding  facilities  were  described  previously.0 

A  single  aerosol  was  produced  in  each  experiment  to  expose  birds  to 
various  dose  levelB  of  virus.  Graded  levels  were  achieved  by  permitting 
the  viral  aerosol  to  undergo  natural  biological  decay.  Aerosol  samples 
were  obtained  at  each  exposure  period  in  quadruplicate  and  each  was 
assessed  separately  in  duplicate  to  insure  a  relatively  precise  estimate 
of  viral  concentration.  Virus  Bamples  were  collected  in  liquid  impingers 
containing  Sorenson's  buffer  with  20%  egg  yolk.  Samples  were  diluted 
in  beef ~ heart  infusion  broth  (Difco)  with  100  unitB/ml  of  penicillin  and 
100  of  Btreptomycin.  Eight  mice  were  injected  intracerebraLly  with 

0.03  ml  from  each  dilution.  Responses  were  measured  as  dascribed  for 
viremias . 


E.  RESPIRATORY  VOLUMES 

The  breathing  rates  for  estimating  inhaled  doses  of  virus  were  computed 
from  body  weights  by  Guyton's  general  equation’  derived  from  data  with 
mammals.  The  mean  volume  was  220  ml/minute.  Few  references  are  available 
that  present  data  obtained  with  birds,  but  one  that  appears  to  give 
comparable  results8  indicated  a  breathing  rats  for  adult  pigeons  of  132 
ml/minute.  The  general  maaraLian  equation  thus  provides  estimates  not 
greatly  different  from  actual  observations  on -birds  but  permits  adjustments 
for  body  weight  when  other  species  are  tested, 
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RESULTS 


In  the  first  experiment,  groups  of  eight  pigeons  were  exposed  to 
graded  doses  of  1960,  374,  and  75  mouse  intracerebral  LDj;  (MICLDj*) 
units  inhaled.  Following  exposure,  the  birds  were  housed  in  ventilated 
animal  holding  cabinets  with  dosage  groups  segregated.  To  test  for 
cross  infection,  two  control  birds  were  housed  with  each  group. 

During  the  exposure  process  there  was  a  possibility  of  uncontrolled  virus 
in  the  vicinity  of  the  aerosol  vesserl.  Therefore,  groups  of  three  birds 
accompanied  each  dosage  group, ^and  received  identical  handling  except 
for  exposure.  These  birds  were  subsequently  housed  individually,  A 
final  group  of  six  pigeons,  housed  in  a  separate  cabinet,  served  as 
environmental  controls. 

All  45  birds  were  bled  on  the  2nd,  3rd,  4th,  and  5th  days  after 
the  aerosol  exposures  for  tests  for  viraaia. 

The  results  obtained  with  exposed  birds  are  presented  in  Table  1. 
Viremias  were  found  in  5  of  8  birds  exposed  to  the  high  dose  and  in  7  of 
8  birds  exposed  to  the  medium  dose,  None  of  the  birds  exposed  to  the  low 
dose  showed  viremia,  suggesting  that  the  minimal  infective  dose  was 
between  374  and  75  MICLDj*  units  inhaled.  None  of  the  control  birds 
exhibited  viremias  on  any  teat  day.  Three  birds  died  within  three  weeks 
after  exposure.  Two  of  these  were  from  the  high-dose  group  and  one  was 
-iroa-the  -medium-dose. _group_.  Of  __t-he_  former,  one  exhibited  a_  bacteria  1 
meningitis.  No  obvious  causes  of  death  were  apparent  in  the  other  two 
cases.  None  of  the  three  showed  histopathologic  signs  of  encephalitis. 

ResultB  of  serum  neutralization  tests  obtained  with  sera  collected 
before  exposures  and  again  3  weeks  later  are  presented  in  Table  2. 

It  was  considered  necessary  for-  at  Least  a  1.0  log  increase  in  virus 
neutralization  to  occur  to  be  accepted  as  a  positive  serologic  response. 
On  this  -basis,  4  of  5  of  the  viremic  birds  from  she  high-dose  group  and 
6  of  6  of  the  viremic  birds  from  the  medium-dose  group  were  positive. 

None  of  the  sera  from  the  low-dose  group,  or  from  the  control  *-irds, 
showed  significant  changes  in  neutralization  ability. 

To  test  for  possible  recrudescense  of  virus;  in-  the  -blood  subse¬ 
quent  to  the  5  test  days  employed  above,  a  2nd  series  of  pigeon 
exposures  was  made.  Birds  were  tested  for  viremias  through  15  days 
after  exposure  to  respiratory  doses  of  2291  and  3,35  MICLDij  units  inhaled. 
The  virus  titers  obtained  with  the  high-dose  birds  are  shown  in  Table  3, 
In  no  instance  could  virus  be  detected  in  the  blood-beyond  day  4.  Sero¬ 
logically,  most  of  the  birds  exhibiting  viremias  also  shewed  significant 
increases  in  virus  neutralizing  antibodies.  Surprisingly,  there  were 
significant  increases  in  the  ability  of  serum  from  birds  96  and  99  to 
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TABLE  1.  VIREMIG  RESPONSES  0?  WHITE  CARNEAU  PIGEONS 
EXPOSED  TO  AEROSOLS  OF  VEE  VIRUS 


Inhaled  Dosai/ 
with  95% 

Confidence  Limits, 
MICLDjo 

PigeonV 

Day  2 

Log  MICLDjc/ml  Blood 

Day  3  Day  4 

Day  5 

1960 

26 

<1.5 

5.0 

-  4.0 

3.6 

(1053-3652) 

85 

3.9 

5.9 

3.6 

<1.5 

30 

4.8 

4.0 

<1.5 

<1.5 

21 

4.2 

<1.5 

<1.5 

<1.5 

35 

4.0 

<1.5 

<1.5 

<1.5 

25 

<1.5 

<1.5 

<1.5 

<1.5 

29 

<1.5 

<1.5 

<1.5 

<1.5 

50 

<1.5 

<1.5 

<1.5 

<1 . 5 

374 

14 

<1.5 

<1.5 

4.9 

3.8 

(271-516) 

49 

5.3 

5.0 

3.5 

<1.5 

44 

<1.5 

4.7 

4.1 

<1.5 

36 

4.8= 

3.4 

<1.5 

<1.5 

38 

4.8 

3.3 

<1.5 

<1.5 

48 

3.9 

4.0 

<1.5 

<1.5 

24 

<1.5 

3.7 

<1.5 

<1.5 

33 

<1.5 

<1.5 

<1.5 

<1.5 

“75 

““31  “ 

<1.5 

<1.5 

<1.5 

<1.5 

(42-133) 

34 

<1.5 

<1.5 

<1.5 

<1.5 

40 

<1.5 

<1.5 

<1.5 

<1.5 

.  - - 

15 

<1.5 

<1.5 

<1.5 

<1.5 

28 

<1.5 

<1.5 

<1.5 

<1.5 

84_.:-_ 

<1,5 

<1.5 

<1.5 

<1.5 

3 

<1.5 

<1.5 

<1.5 

<1.5 

.  .  ...  . 

12 

<1,5 

<1.5  ■ 

<1.5 

<1.5 

a,  Trial  Conditions:  80%  relative  humidity  at  80  F. 

b,  All  control  birds' were  negative  in  tests  for  viremia  (<l,5  1og 
HICLDj^/ml)  on  days  2,-3,  4,  and  5. 
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TABLE  2.  SERUM  NEUTRALIZATION  RESULTS  WITH  SERA  FROM  WHITE 
CARNEAU  PIGEONS  EXPOSED  TO  AEROSOLS  OF  VEE  VIRUS 


Inhaled  Dose 
with  957. 

Confidence  Limits, 

'  MICLDsb" 

Pigeon^-' 

Virenia 

Detected 

Serology, 
of  Virus 
Pre-exposure 

Log  Units 
Neutralized 

Po3t-exposure 

1960 

26 

+ 

0.1 

0.7 

(1053-3652) 

85 

+ 

0.3 

2.7 

30 

+ 

0.0 

3.2 

21 

*r 

0.6 

1.6 

35 

+ 

0.3 

3.0 

29 

- 

0.7 

.1.2 

374 

49 

4- 

0.2 

1.7 

(271-516) 

44 

4- 

0.1 

1.8 

36 

+ 

0.1 

2.1 

38 

+ 

0.1 

2.6 

48 

.4* 

0.6 

2.6 

24 

4. 

0.6 

1.8 

33 

- 

0.£ 

,  0.6 

75 

31 

- 

1.3 

0.7 

(42-133) 

34  * 

- 

0.4 

0.1 

-  - -  - 

40 

-  - 

-  -  5—— 

- 0y5 

15 

- 

1.2 

0.8 

28 

- 

0.5 

0.4 

84 

- 

0.4 

0.5 

8 

- 

0.6 

0.5 

12 

- 

0.5 

i-  •  0.2 

a.  Control  birds  showed  no  significant  changes  (<I.O  log  unit  increase)  in 
serum  neutralization  against  VEE  yiu'ia. 


neutralize  virus  without  evidence  of  having  had  a  viremic  infection.  In 
these  birds  it  is  possible  that  either  a  transient  yiremia  not  detectable 
by  the  ssB^dgLe  of  bleeding  was  present,  or  that  less  than  1.5  log  units 
of  virus  ware  present,  a  level  that  would  not  be  detectable  by  the  method 
of  titration  used.  At  the  low  dose  neither  viremias  nor  positive  serologic 
responses  were  obtained.  It  should  be  noted  that  control  pigeons  employed 
in  the  second  test  were  again  negative  for  viremias  and  shewed  no 
serologic  responses.  Controls  were  of  the  same  types  as  indicated  for 
the  first  test . 

The  over-all  dose-response  data  are  presented  in  Table  4  along  with 
average  viral  concentrations  in  the  blood  cn  each  day  following  exposure. 
Only  those  birds  exhibiting  viremias  were  considered  in  the  averages. 


10 


D 

3 


£  a 

~  s 


=>  Cl 
p 

to  iJ 
-  Q  3 
J  GJ 
Z5 


81 


>*»  35 
3 
V" 

m4  ^ 

c  > 
u 

0)  U-* 

co  c 


n  o  m  ^  c  ^ 

•  *»■*•#•» 


^  in  <t*  '*©  co  *-1  in  n  cn 


ooooo^o 


o  c 

i 


w 

1 

a 

£  3 

H 

P* 

3:  o 

00 

A  o 

'  o  35  — 

m 

C*5r 

r— 1 

I 

>  V 

tc 

in 

in  m  t 

CO  00 

•  » 

25  13 

» 

f-M  **M  t 

5  0* 

>i 

V 

£m  i— i 

TJ 

JS 

j  OO  > 

O 

» 

ti3 

0 

as  w 

r-» 

!  M 

A 

f  u  > 

•s 

si- 

tsl  O 

a  ^ 

1  §  a 

■a  3 

>% 

as 

cn  m  ' 

i  o  » 

2  tf 

w 

e<  5d 

»T-I  |_J 

1  E  w 

>  U 

co  8 

H 

cn 

r  cm 

£ 

cr  iTi 

h  a  x 

>. 

•  • 

i  Z'S 

M 

JS 

in 

< 

0 

O 

A 

i  in 

_ H 

u  z 

iH  O 

z!  aa 

CM 

W  C5 

-o-  CSJ 

|  3 

Sn 

»  • 

>  ~ 

rr«.  : 

a 

m 

!.'■■■' 

;  m 

-'S*. 

xl 

'  '  -  &3 

c 

o 

g2 

• 

Z) 

\£>  m 

M 

\C  r^. 

*fM 

Pm 

x>  • 

#>"'S 

i-i  tw 

\D 

"d  *h  rt 

•>ri 

CO 

■'■■- ■  •  •  _ - . 

1  oj  5  0  a 

n» 

U-i  u  -  4 

^  <}■ 

a*'  • 

X  Ml  S-2  3  U 

ry  x 

3  o)  m  «- 

<  H 

cm  a> 

iM  a  cr.  J  S 

o 

0 

'w' 

a 

m  m  m  m  in  in  m  in  m 

•  •  •  *  • 

— M  »— M  r*M 


NOm,  ininmininm 

•  •••••* 

^  »— (  <— i  H  H  H 

V  V  V  V  V  V  V 


a>- 

Gj 

> 

a 

•tM 

rt 

u 

a 

3 

M 

to 

u 

a; 

c 

c- 

•M 

GJ 

ts 

w 

0 

o 

1-M 

5 

i-M 

a 

V 

T3 

w 

W 

~4 

a 

-Q 

u 

B 

— M 

O 

0 

u 

u 

u 

Q 

c 

-H 

•  c 

fe  0 

G 

O  f-1 

0 

CC  r-f 

M. 

d 

Q 

w 

a 

rt 

£ 

a 

Pn  rt 

*r4 

w  „ 

*r4  g 

i 'd 

*d  a 

rt 

rt 

B  O 

3  H 

*-s 

J2  B 

t-4 

6 

*•  *  « 


NvOflONminm 
■  r  «  *  •  ‘  * 

I-  •tf  cn  H  f*i  -H 

V"V  V 


vflin^coo'N.'OO'g 


« ig-> 
2  £ 
>J 

a  <g 


a 


sj  X 


U 

£ 

S’ 


V 


•u  o 

fl  Tj  -3 

S) 

y  ti 

a  • 

u  i-l 
o  rJ 
A  X 

O  *3  a 
oo  rt 

ff 


a  >  i-i 
rj  *H 

Q.  O  > 
•M-  U 
*J  0»  H 

m  m  a 

ns  U-I 

C  £0 
0*0® 
U  k  +J 

t-i  a 

H  ^  i) 
3  .  *-* 


<  •* 


TABLE  4.  LEVELS  OF  VIREMIA  AS  FUNCTION  OF  DOSE  IN  WHITE 
CARNEAU  PIGEONS  EXPOSED  TO  AEROSOLS  OF  VEE  VIRUS 
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Dose, 

MICLDjc 

Inhaled 

Response, 

Viremic/ 

Total  Tested 

Mean  Viremia, 

Log  MlCLD^'a/ml. 

a/ 

Day 

2 

Day  3 

Day  4 

Day 

5 

2291 

6/9 

4.3 

(6) 

5,2 

(2) 

4.1 

(2) 

<1.5 

(9) 

1960 

6/8 

3.4 

(4) 

4.0 

(3) 

2.5 

(2) 

3,6 

(U 

374 

7/8 

4  -  7 

(4) 

4.0 

(5) 

4.2 

(3) 

3.8 

(D 

135 

0/9 

<1.5 

(9) 

<1.5 

(9) 

<1.5 

(9) 

<1.5 

(9) 

75 

0/8 

<1.5 

(3) 

<1.5 

(8) 

<1.5 

(8) 

<1.5 

(8) 

a.  Numbers  in  parentheses  indicate  the  number  of  birds  showing  viremias 
and  entering  into  computation  of  the  average  viremia.- 


IV.  DISCUSSION 


WhJfcte'-ettriieStf" pigeons  wer*  shown  tv  ue”n‘igtlly  suBcepfitfie- trcrTenezuetanS 
equine  encephalitis  virus  by  the.  respiratory  route.  The  infections  resulted 
in  viremias  that  in  some  birds  exceeded  five  log  units  of  mouse  ICLDjj;  per 
ml  of  blood  and  persisted  up  to  four  days  after  exposure.  In  no  instance 
did  virus  reoccur  in  the  Hood  over  the  next  eleven  days.  There  was  no 
apparent  effect  of  dose  Level  on  viremic  patterns  after, a  viremic-inducing 
dose  was  reached.  There  was  good  serologic  response  to  inf ections .  In 
general,  viremia  and  the  subsequent  appearance  of  serum  neutralizing 
antibodies  correlated  well 

The  infections  did  not  appear  to  be  severe,  as  evidenced  by  the  general 
healthy  appearance  of  birds  throughout  the.  experiments .  The  three  deaths 
that  did  occur  ware  considered  to  be  due  to  causes  other  than  VEE  virus 
infection. 

The  results  suggest  the  possibility  of  arbovirus  transmission  from 
bird  to  bird  by  the  respiratory  route.  A  number  of  instances  have  been 
'.'‘.ported3  of  WEE  and  EEE  viruses  in  the  feces  and  in  the  oral  secretions 
of  infected  birds.  It  is  possible  that  VEE  virus  may, also  be  excreted.  , 

The  final  step  of  the  cycle  requires  only  aerosolization  of  excreted  virus 
in  sufficient  concentrations  for  respiratory  infections,  a  condition  that 
might  be  realized  in  densely  populated  flocks  or  with  nesting. 
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It  was  of  interest  to  compare  the  results  obtained  by  respiratory  exposure- 
with  those  provided  by  subcutaneous  (sc)  injection  of  virus,  Chamberlain3 
conducted  a  study  with  VEE  virus  in  which  pigeons  were  injected  sc  with 
316  and  20u0  mouse  intraper itcneal  (MIP)  IDy  units.  It  is  hazardous  to  relate 
doses  and  viremic  responses  based  on  MIP  assay,  tc  those  of  this  study, 
based  on  MIC  assay,  quantitatively,  Although  it  has  been  possible  in  this 
laboratory  to  establish  a  titer  relationship  of  MIC^MIP  (5:1)  within  one 
harvest  of  our  Trinidad  strain,  it  has  also  been. found  that  passage  history 
affects  the  relationship. J’J  However,  some  similarities  between  responses 
are  suggested.  Chamberlain  found  that  viremias  persisted  through  66  hours 
after  inrection  with  the  level  apparently  independent  of  his  dosage.  In 
our  studies,  virenic  levels  were  similar  for  the  inhaled  doses  and,  in 
the  majority  of  cases,  persisted  for  about  the  same  period. 

Chamberlain  reported  a  mean  of  2.4  log  units  of  virus  neutralized  by 
sera  following  viremias  from  sc  injections  of  2000  and  346 -MIPLD»c  units. 

In  our  test  with  similar  assay  procedures,  the  mean  viral  neutralization 
in  logarithms  was  2.5,  three  weeks  after  viremic  responses  to  inhaled  doEes 
of  2291,  1960,  and  374  MICLD50  units.  Obviously  there  were  at  least  no 
major  differences  between  the  respiratory  and  sc  routes  in  terms  of 
serologic,  response.  Finally,  it  should  be  noted  that  in  both  studies  there 
were  no  obvious  outward  signB  of  infection  in,  the  avian  hoBts . 

The  cagemates  employed  in'the  first  experiment  with  the  high-dcbe  birdB 
showed  no  evidence  of  infection  as  measured  by  viremia  and  by  serum 
neutralization  test.  This  may  have  indicated  that  bird-to-bird  infections 
do  net  occur,  at  least  with  the  host-virus  combination  tested,  or  that 
conditions  were  not  suitable  f or  such  transmission.  With  respect  to  the 
latter,  the  holding  area  for  the  eight  infected  and  two  control  cagemateB 
was  36  square  feet.  The  abundant  ventilated  space  may  have  prevented 
adquate  association  for  infections  to  occur. 


13 


LITERATURE  CITED 


1.  Holden,  ?,  1555.  Transmission  of  eaatern  equine  encephalomyelitis 

in  ringnecked  pheasants.  Proc .  Sex;,  Exp.  Biol.  Med.  38:607-610. 

2.  Chamberlain,  R.W.,  R.K.  Sikes,  and  R.E.  Kiseling.  1954.  Use ' of 
chicks  in  eastern  and  western  equine  encephalitis  studies.  J.  Immunol. 
73:106-114. 

3.  Bourke,  A.T.  1964.  Contact  transmission- or  the  highlands  J  strain 
of  western  equine  encephalomyelitis  in  chicks .  Amer .  J.  Trop.  Med. 
13:182-187. 

4.  Clarkson,  T.B.,  R.W.  Prichard,  H.E,  Lofland,  and  H.O.  Goodman.  1963. 

The  pigeon  as  a  laboratory  animal.  Lab.  Ania,  Care  13:767-780, 

5.  Finney,  D.J.  1952,  Probit  Analysis.  Cambridge  University  Press, 

Second  Edition,  New  York. 

6.  Miller,  V.S.,  P.  Demchak,  C.R.  Rosanberger,  J.W.  Dominik,  and  J.L, 
Bradshaw.  1963.  Stability  and  infectivity  of  airborne  yellow  fever 
and  Rift  Valley  fever  viruses.  Amer.  J.  Hyg.  77:114-121. 

7.  Guyton,  A.C.  1947.  Measurement  of  the  respiratory  volumes  of 
laboratory  animals.  Amer.  J.  Physiol.  150:70-77. 

8.  Sturkie,  P.D.  1954,  Avain  Physiology.  Comstock  Publishing  Associates, 
Ithaca,  New  York. 

9.  Chamberlain,  R.W.,  R.E.  Kissling,  D.D.  Stamm,  D.B.  Nelson,  and  R.K. 
Sikes.  L956v  Venezuelan  aquine  encephalomyelitis  in  wild  birds. 

Amer.  J.  Kyg.  63:261-273. 

10.  Drown,  Arthur .  19&3-,  Differences  in  maximum  and  minimum  plaque¬ 

forming  temperatures  among  selected  Group  A  arboviruses .  Virology 
21:362-372. 


DISTRIBUTION  LIST 


ADDRESSEES 

Assistant  Scientific  Director 
Building  812 

Directorate  of  Biological  Research 
Building  560 

Directorate  of  Development  — 

Building  824 

Directorate  of  Industrial  Health  &  Safety 
Building  550 

Chief,  Medical  Bacteriology  Division 
Building  560  .  .  ~  ' 

Chief,  Munitions  Development  Division 
Building  321 

Chief,  Program  Coordination  Office 
Building  812 

Chief,  Aerobiology  Division 
Building  459 - -  —  — 

Chief,  Physical  Sciences  Division 
Building  568 

Chief,  Process  Development  Division 
Building  469 

Chief,  Technical  ^valuation  Division 
Building  568 

Chief,  Biomathetatics  Division 
Building  1422 

Chief,  Virus  &  Rickettsia  Division 
Building  539 

Test  Chamber  Branch 
Technical  Evaluation  Division 
Building  1412 

Documents,  Technical  Library 
Building  426 


16 


ADDRESSEES 

Technical  Releases  Branch 
Technical  Information  Division 
Building  426 

Editorial  Branch 

Technical  Information  Division 

Building  816 

Assistant  Director,  Biological  Engineering 
Building  722 


NUMBER  OF  COPIES 
10 


1 


1 


Liaison  Representative  Animal  Disease  Investigations  1 

Building  1301 

U.S.  Public  Health  Service  Liaison  Office  4 

Building  1301 

Commanding  Officer  3 

U.S.  Naval  Unit 
Building- 125 

Commanding  General 
U.S.  Army  Edgewood  Arsenal 
ATTN:  SMUEA-CS 

Edgewood  Arsenal,  Maryland,  2-1010 

Commanding  Genera i 
U.S.  Army  Edgewood  Arsenal 
ATTN:  SKUEA-CS-0 
Edgewood  Arsenal,  Maryland,  21010 

Commanding  Officer  2 

U.S.  Army  Chemical  Research  &  Development  Laboratories 
ATTN  ^  Librarian  '• 

Edgewood  Arsenal,  Maryland,  21010 

1 


Commanding  General  1 

U.S.  Army  Munitions  Command 
ATTN:  AMSMU-RE-R 
Dover,  New  Jersey,  07801 

Commanding  General  2 

Deseret  Test  Center 
ATTN:  Technical  Library 
Fort  Douglas,  Utah,  84113  - 


Commanding  General 
U.S.  Army  Munitions  Command 
ATTN:  AMSMJ-SS-CS 
Dover,  New  Jersey,  07801 


ADDRESSEES 

Commanding  Generals 
U,6.  Array  Materiel  Command 
EUaearch  Division/  ,~i2RD-RC 
R&D  Directorate  -  -  •" 

Washington,  D.C. ,  20315. 


Asst  Chief  of  Staff/Force  Operations 
Department  of  the  Army  • 

4ITN:  Technical  Coordinator  ^ 

CBR&N  Directorate 
Room  3A480_,  Pentagon  Building 
Washington  25,  D.C. 


Defense.  Documentation  Center 
Cameron  Station 

Alexandria,  Virginia,  22314  — ■ 

Detachment  4,  RTD  (ATCB) 

Sg tin  Air  Force  Base,  Florida,  32542 

AK5C  (PGBAP-1) 

Eglin  Aif  Force  Base,  Florida,  32542 

AFRSTA,  Hq.  USAF  '  .  ,  '  ' ' 

ATTN : .  Mr .  C . R.  Nixon,  Jr.  _ 

Washington,  D.C,,  20330 

-Off  icer-in-.Charge  .. 

FTD  Library 
Building  828, r  Area  A 

Wright -Pat ter son  Air  Force  Base,  Ohio,  45433 

Commander  (Code.  4C36)  . — .  ' 

Naval  Ordnance  Test  Station 
China  Lake',  California,  93557' 


Commanding  Officer  and  Director 
U.S.  Naval  Applied  Science  Laboratory 
Naval  Base,  Code  9440 
Brooklyn,  New  York,  11251 


U.S.  Army  Medical  R&D  Command 
Office  of  the  Surgeon  General 
ATTN:  •  MEDDH-C 

Main  Navy  Building',  Room  2526 
Washington,  D.C.,  2C315 


NUMBER  OF  COPIES 
'  1 


1  , 


1 


1 


1 


ADDRESSEES 


Commandant 

USACmlCer.  &  Sch,  ATTN:  Bio  Branch 
Tort  McClellan,  Alabama,  36205 

U.S.  Army  Standardization  Group-Canada . 
Office,  Senior  ^Standardization  Rep. 
c/o  Director  of  Equipment  Policy 
Canadian  Army-  Headquarters 
C-ttava  4,  Canada 


Munitions/TN 

Defence  Research  Sta-yf™----  - 

British  Embassy 

3100  Massachusetts  Avenue,  N.W. 
Washington  8,  D«C« 

Canadian  Liaison  Office  (CBR) 
Building  5101 

Edgevpood  Arsenal,  Maryland,  21010 


Australian-  Embassy-  •.  .  . 

ATTN1:  it.  Col.  P.D.  Yange 

Australian  Army  Sti'Ef  (V) 
2001  Connecticut  Avenue,  N.W . 
Washington  }j  D.C. 

University  of  Pennsylvania 
Institute  for  Cooperative  Research 
Project  Summit 
3634  Walnut  Street 
Philadelphia/-  Pennsylvania,  19104 


NUMBER  OF  00 PIE1 
— — —  *>> 

2 


Security  Classification 


"NAT’*iG  ACTfvi  **  'Corparaje  author, '  >  '  '2®  f,CD°p'  5EC^fil''T  c 

Amy  5 1  q  1  og  1  c a  1 .  La V 1  l  ■  ~^nc igjtslfied 


DOCUMENT  CONTROL  DATA  -  R&D 

fSecyn.'y  c  lassifiZQti^'.  r,t  !i:l*.  bccy  oi  ebs1*Ad  and  indexing  gnnc- m  ’■  •  ■>•  ~  u*-'  fee  enteroa  ~  her,  .'hr  r.-  ft  rul i  * -'  r>  - ■* ' 


_AS*>  -  C  A  ’iOS 


-Unc  la  ss  if  led 


/SUSCEPTIBILITY  C?  WHITE  CARNEAU  PIGEONS  TO  RESPIRATORY  INFECTION  BY  VEE  .VIR’JP 


1C52230IAQ30- 


SlI'  OTN^  *Q.rS>..T*  rtF  cihBr 

this  report,1 


*B!LlTY/L:MiT*TiON  NO'YcR^S  „  •  ~  «  ••  '  *  \  ■« 

fie<i  requestors  may  obtain  copies  of  this  publication  dfreef ly-froo  DCC.^ 
gn  announcement  and  ;4issemihdtibn  of  this  publication  by  .DSC  is- limited.0;. 


H  ISU+L  EWENTA^V  N&TES 


rfT  SPOHSORtNG  ttfV»-TAf»  Y  ACT  *VfTY  ,yaSo 

}  LT,  &.  Army  Biological  Laboratories 
:  Fort  Detrick,,  Frederick,  Maryland,  217G1 


.^>ltr.R*CT 


While  Carneau  pigeons  Were  .found  to  be  susceptible  to  respiratory  infection 
by  Venezuelan  -equine  encephalitis  virus-.  -  With  dosaS  as  low  as  37-4  moue-e 
intracerebral  LD^a  units  lnhalod,  seven  of  eight  birds  exhibited  virewias  that 
approached  .iffiiifJ-fcSjjuhjl  ts  per  ml  of  blood,  Viremias  generally'"persisted 
through  the'fbhird  day  affcar  exposure,  Birds  were  net  obviously  ill  and  showed 
serologic  evidence  of  i^nunizl^ng  infections.  _  ....... 


•'6  o^o  oO  \  / 


m  cvd-s°  _  ) 


DD  1473 


Unclassified _ ~ 

Security  Classification 


